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In the last decade, Peru has begun to structure its economy and complete 
infrastructure projects to promote agricultural export growth.  Bolstered by the signing 
of the Peru Trade Promotion Agreement (PTPA) with the U.S., table grape production 
has increased significantly since 2006.  Peru has a climatic advantage for a quality 
harvest from November to March, which overlaps the end of the U.S. growing season.  
With this supply increase expected to continue, U.S. producers and marketers question 
the effect Peru will have on “late-season” table grape prices in North America.   
This thesis is a study of the effects of an increase of Peruvian table-grape supply 
in U.S. markets.  Using an equilibrium displacement model to quantify the supply and 
demand interaction in the U.S., after inducing a supply shock, the relationship between 
Peruvian supply quantities and the price for U.S. and Peruvian grown grapes was 
determined.  These price effects are presented based on calculated sets of elasticity 
scenarios determined through the Hotelling-Jureen Relation.  Results are presented in 





Results are heavily reliant on assumptions about elasticity and time.  The price of 
Peruvian table grapes is effected in much larger proportions than U.S. grape prices.  
Within the time parameters of this model, the price for late season U.S. table grapes will 






CHAPTER 1. INTRODUCTION 
1.1 Introduction 
 
This thesis will quantify the impact of an increasing supply of Peruvian table-
grapes on the U.S. market.  Numerically determining the effect of this supply on prices 
seen in the U.S. will help American producers to understand how their market could 
change in the coming years.  More specifically, this will provide insight into how a shift 
in the Peruvian supply curve will affect prices seen by U.S. growers and marketers.  This 
introduction will clarify relationships and dynamics in the table grape market of the 
Americas to understand the purpose and methods of analysis.   
An important part of understanding the moving parts of the market will be to 
explain clearly the supply and demand relationships of the various regions.  Who 
supplies whom, at what levels, and the biological nature of the vine that defines the 
market functions.  Patterns of production over time, the corresponding prices, and 
nuance of the nations that constitute trade amongst the Americas, are the data sources 
for this narrative.  Through a quantitative and political history we can see how 
intertwined the trans-national development of the industry has been and how we 






the focus of this research, yet it is important to understand how the various production 
regions interact to create the year-round supply in the U.S. 
Well positioned climactically to produce high quality grapes with access to 
quality infrastructure, California producers have developed a reputation for producing 
the highest quality table grape during peak production periods.  Despite a positive 
reputation, there are significant constraints in the industry that in recent years threaten 
to limit growth.  Water, though nothing new as a constraint in the history of agriculture, 
continues to be a major issue considering the recent drought of 2014.  Constraints in 
macroeconomic policy conditions further exasperate labor availability for a labor 
intense crop.  Profitable production substitutes like nuts create constraints on acreage 
availability in the region.  Despite these constraints, retailers are consistently 
demanding higher qualities and a year round supply.  These trends are forcing producers 
to diversify geographically their supply, bringing about the conditions that this thesis is 
to analyze. 
Biological technology in varietal options as well as transport technologies that 
allow storage of a perishable good for long distance transport has driven recent history.  
Liberalizing trade agreements such as NAFTA, Peru-U.S. Free Trade Agreement (PTPA), 
and Chile Free Trade Agreement also have been bolstered exchange of technological 
abilities. 
Development of a static model quantifies the theoretical model after setting the 






model constant “ceteris paribus”, numerical determination of the price effects of a 
percentage shift in the Peruvian supply curve becomes relevant.  Quantifying specific 
quantity/price relationships can be difficult and is the main task of industry managers.  
Static nature assumes that all other aspects of the market stay constant; this analysis 
focuses purely on a movement in supply.  This modeling will clearly tell how drastic to 
expect changes in prices to be given a range of assumptions.  Presentation of price 
effects are as percentage changes from the base year chosen given a ten percent 
positive shift in Peruvian supply.  This is not to say that there is only a ten percent 
change in supply projected from Peru, but that this model will use a log-linear approach 
as a baseline for analysis beginning at ten percent.   
 
1.2 The Table Grape 
Vitis vinifera, as the common grape is scientifically named, has had many 
thousands of years of cultivation across the globe.  The cultivate finds dry 
Mediterranean climates to be most suited to production.  Thousands of years of 
cultivation have created specific varieties that are best suited for uses in wine, raisin, or 
raw consumption.  The colloquially used phrase “table-grapes” describes those that are 
destined for raw consumption.  While most consumers identify table-grapes according 
to color “green”, “red”, and the lesser known “black” grape, a multitude of varieties 
exist, the varieties carry distinct characteristics while still falling into these three color 






Crimson, Red Globe, and Sugraone.  The development of modern varieties has focused 
on characteristics that enhance demand: color, sweetness, and timing of harvest.  The 
depth of varieties available is beyond the scope of this paper, but California producers 
are seeing further varietal development as a means for increasing incomes and 
maintaining competitive advantage versus other fruits and competing imports.   
California production had its early start in the late 1700s when friars cultivated 
their own vines to make sacramental wine.  Not until the mid-1800s did William 
Wolfskill plant table grape varieties in the area now covered by downtown Los Angeles.  
With the development of the railroads, California grapes reached eastern cities gaining 
access to distant markets, promoting further expansion of table grape production 
throughout the state into the trans-continental market we know today.   
Grapes go through a yearly cycle of dormancy, budding, veraison (coloring of 
berry), and harvest, each stage pivotal to quality and yield.  Dormancy periods during 
winter months allow the vine to rest and growers to trim and train the vines for 
directing plant energy to fruit production.  As temperatures warm in early spring, the 
trimmed and trained shoots emerge and grow into the leaves and flowers from which 
berries will emerge.  In the final stage of growth, the berries soften and ripen on the 
vine waiting for the optimal moment when harvest takes place.   
Unlike many fruits, which ripen on the shelf, growers harvest table-grapes at 
peak maturity.  Growers monitor grapes on the vine for color and sugar content to help 






ripe product with a short time to degradation, the timing of harvest to retail must be a 
highly coordinated affair.   
Growing table-grapes takes years from planting the rootstock before this yearly 
cycle begins.  From the planting of the rootstock, the vines become productive in the 
third year and are commercially viable for roughly 25 years. 
1.2.1 Varieties 
There are thousands of table grape varieties in the world, though roughly 
fourteen varieties occupy most of California’s production volume (Commission, 2000-
2012).  Varietal developments in recent years seek to increase quality, yield, and extend 
the harvest window.  The varieties that are extending the California harvest into late 
December and January have created the most change in late season market conditions.  
Crimson Seedless, Autumn Royal, and Autumn King Varieties are providing American 
producers options to compete for late season market share.  Combining technological 
abilities of California growers and supply sourced from Peru and Chile, the former 
windows of “non-availability” have closed. 
 
1.3 U.S. Table Grape Production 
California contains 99% of all table grape production in the United States and 
spans three major regions in the state.  Historically, California’s harvest window runs 
yearly from mid-May to mid-December.  New varieties are pushing harvest into January.  






progress north to the Southern San Joaquin Valley (around Bakersfield) and finishes in 
the Northern San Joaquin Valley (Fresno-Madera Counties).  This period can be flexible 
due to differing weather conditions each year.  In addition, cold storage facilities 
consistently have the ability to hold late season production through January.   
 
Figure 1.1 California Growing Regions 
 
California is one of the most productive agricultural regions in the world 
(Kuminoff, et al., 2000).  Quality attributes and volume have defined California supply 
because of this development.  The state’s agricultural advantage extends to other 
cultivates.  Resource competition in the state amongst other valuable crops limits the 






in acreage in the last 10 years despite doubling of production value staying at 83,000-
85,000 acres on a given year(National Agricultural Statistics Service, 2013).   
USDA’s production statistics report of 2013 shows a total value of California 
grape production of over $1.1 billion.  About 500 growers share in production value 
(National Agricultural Statistics Service, 2013).  This is an average of $2.2 million per 
farmer.  This is a fraction, but considerable portion of the entire state’s agricultural 
production of $44.7 billion in the same year.  Table-grape production is the 10th most 
valuable agricultural product in the state, an important piece of the mix in the entire 
state’s production.  In the month of December (period under analysis), the total value of 
table grapes produced or imported in the US totaled $334 million at port or farm gate 
(Service, 2013).  December market value has nominally increased 300% since 2009.  In 
terms of the impact on market size from December 2012 values, a 5% decrease in both 
the U.S. and Peruvian price would decrease total market value $16.7 million.  This gives 
perspective on how important small market changes can be for stakeholders. 
Given the continuation of these constraints in California, we could expect future 
price/quantity relationships to be similar.  Production volumes and market value are a 
combination of the interplay between resource constraints and technological 
improvement.  Amongst world producers, American grown grapes have been the 
benchmark for quality and yield, being the most capable to produce both quality and 








Pricing for American grown grapes follows a consistent trend that is highest in 
May (early season) when supplies are low and decreases gradually toward peak 
production in August when supplies are the highest.  Figure 1.2 shows the average 
pattern of California table grape prices from 2006 to 2012.  As the season stretches 
further into December there is a gradual late season climb in prices from the mid-season 
low, yet the late season prices usually do not reach the early season price heights.   
 
 























Graphing average production volumes over the same period, the inverse relation 
between prices and volumes is clear.  Figure 1.3 shows California average production in 
19lb. boxes.   
 
Figure 1.3 California Average Monthly Production 2006-2012 
 
The upturn in price seen in Figure 1.2 begins as production volumes in 
September begin to decrease continuing to November.  One potential explanation for 
the inability of prices of Californian grapes to reach heights seen early in the season at 
similar quantities comes from quality and price suppression from imports. 
1.3.2 Drivers of Price 
The price of any individual unit of table grapes can be loosely determined by the 





























quantity available on the market.  Higher levels of quality attributes achieve a higher 
price while high availability has negative price effects.  There are general quality and 
quantity characteristics that define the harvest month due mostly to weather changes 
that occur over the season.  The optimal time of harvest for any given variety can be 
different, but there is an overall pattern.  As the year moves into colder months, the 
quality characteristics of color, sugar, and size of U.S. grapes tend to be lower than 
those harvested earlier in the season as colder weather or time spent in storage will 
degrade grape quality attributes.  Many new varieties have pushed California harvest 
times later into December.  The combination of new varieties and developed cold 
storage infrastructure allows marketing of California grapes later in the harvest year.  
Despite industry advances, the previously stated decrease in quality trend later in the 
year still exists. 
1.3.3 Late-Season Price Trends 
Figure 1.4 and Figure 1.5 show price histories of November and December, 
respectively, of table grapes by region of production, and a clear trend exists (Service, 
2013).  In these months of “overlapping” production, American grapes consistently have 
received $6-$10/box lower than imported grapes, with imported grape prices from 








Figure 1.4  November Table Grape Price History 
 
Figure 1.4 shows this trend with American grapes receiving a lower price, while 
Peruvian and Brazilian grapes have a premium applied.  November becomes an 
interesting month because the larger supply region of California is decreasing 
production while Chile is still yet not supplying in significant quantities.  This month is 
where Peruvian supplies have the opportunity to enter in a significant way by beating 
Chile to the market a full month earlier.  In this way, consistent Chilean production is not 






























Figure 1.5  December Table Grape Price History 
 
Through December this price spread continues, even while Chile begins to 
produce.  The same price spread trend presents itself even more clearly across the 
aggregate with U.S. grapes following closer to the import price trend while being $6-
$10/box lower.   
Throughout the year prices by production region seen in the U.S. are not the 
same.  They do however, trend together as overall volumes influence average prices.  
Grapes from the region with the more favorable growing climate in a given period will 






























1.4 Chilean Table Grape Production 
When U.S. production falls into dormancy during North American winter 
months, Chile begins its production cycle with deliveries to the United States arriving in 
mid-December through to May.  This production window can vary due to any specific 
year’s weather events extending the season a month earlier or later.  Chilean early 
season premiums also exist in the transition between U.S. and Chilean harvest seasons.  
Prices are high in December and begin to fall through the season as volumes increase.  
Late season Chilean grapes (harvest in May) suffer the same late season quality issues as 
in the U.S. does in December.  Figure 1.6 shows the average price trend for Chilean 
Grapes from 2006-2012, December receiving the highest price premium and declining 
throughout the year as prime Chilean harvest season increases global supplies.   
 
























Comparing the average price trends through the harvest year of California and 
Chile the same general pattern is evident.  The difference is in the rise in average prices 
that U.S. grown grapes experience late season while late season Chilean prices maintain 
a declining trend.  Comparing Figure 1.2 and Figure 1.6 highlights the difference.  
Chilean average prices since 2006 have maintained a downward trend until Mexican 
production captures the American market in May.  Figure 1.7 shows this average arch of 
Chilean imports to the U.S. falling drastically in April and May. 
 
Figure 1.7  U.S. Average Chilean Imports 2006-2012 
 
1.5 Peruvian Table Grape Production 
Peru has seen a production boom after decades of economic and political 































into agricultural production.  Through the last decade, Peru has undertaken reforms that 
have resulted in relative economic stability, focusing trade agreements and 
infrastructure projects towards expanding agricultural production.  These steps are 
making large supply increases a forgone conclusion.  As a result, Peruvian table-grape 
supply will increase in the coming years and this will create a change most significantly 
for the markets of the Americas.  With demand in wealthier nations of North America 
and a harvest period of only a few months of the year domestically, U.S. retailers and 
marketers have looked to suppliers in the southern hemisphere to provide year round 
stocks.   
Early Spanish conquerors brought vine cultivation to Peru in the 16th century, 
particularly used for wine production.  It quickly became the southern hemisphere’s 
largest grape producer.  Through the 17th and 18th centuries, earthquakes, drought, 
flood, and competition with other more productive crops decimated the Peruvian grape 
industry (Lacoste, 2004).  Until the last decade, much of Peru’s grape production went 
to beverage production and local fresh consumption of poor grade fruit.  Not typically 
intended for export markets, these grapes do not meet quality standards of fresh 
produce buyers in developed nations.  As the Foreign Ag Service GAIN report from June 
2013 reported, Peru has continuing increases in total production with nearly half 
destined for export.  This export quantity of nearly 150,000 metric tons represents 
nearly all the production of export quality grapes from Peru.  Figure 1.8 shows the 







destination for Peruvian production until the 2012/2013 season where China received 
the greatest quantities.  Followed by the U.S., Netherlands, and Russia, these four 
nations purchased 68% of total Peruvian table-grape exports. 
 
Figure 1.8  Peru Table Grape Export Trend (2006-2012) 
 
USDA data shows Peruvian imports increasing consistently in the US.  Since 2006, 
supply has improved for significant import quantities to be available November through 
March until Chilean Production is in full force. 
Peru has a supply advantage over the U.S., as the climate is suited to bringing a 
vine into production in 1-2 years, versus 3-4 years as in the U.S.  There is some 
speculation about the potential longevity of these vines, if there is a biological tax that 


































et al., 1990).  Being in a tropical region there tends to be cyclical flooding which can 
occur in the Piura region, which is the region where most new plantings have occurred.  
Piura region alone has 4,800 hectares in production, in 2013 a 30% increase from the 
year before, a period in which these floods have not occurred.  As for yields, industry 
news sources have quoted everything from 900 boxes an acre to as high as 1,800 boxes 
an acre (Agraria.pe, 2013).  The highest yield could be from newer vines as the vines in 










Figure 1.9 Primary Peruvian Growing Regions 
 
1.6 Mexico and Brazil 
Mexican and Brazilian production, not directly relevant to the period studied, 
deserves mention.  Mexican production begins as the Chilean season ends around May 
and joins with harvest from the Coachella valley in California.  With the existence of 
NAFTA, production from northern Mexico acts to extend the supply market of California 







Mexican imports are 3-5 times greater than California production providing a healthy 
volume boost for early season northern hemisphere supply. 
Brazil is a minor supplier to the U.S., rarely supplying above a million boxes in a 
single month.  The Brazilian production period overlaps with Peruvian period.  Although 
not impactful on prices, Brazilian prices trend with Peruvian prices and would suggest 
some inter-relation. 
 
1.7 Yearly Supply Flows 
The trade relationship between Peru and the U.S. is the focus of this research, 
yet it is important to understand how the various production regions interact to create 
the year-round supply in the U.S. 
Figure 1.10 charts the calendar year by volume of table grapes available in the 
U.S.  Though the data comes from 2012 production and importation numbers, any given 
year looks similar.  Where Chilean production dominates January-April, U.S. Production 
is prominent July-December, and the smaller regions of Peru and Mexico are covering 









Figure 1.10  2012 Monthly Volume Supplied to U.S. Market 
 
Total supply at any time is a driving factor that pushes all prices higher or lower, 
as was seen in 2008 with abundant American supply pushing prices down across the 
Americas.  Again seen in 2013 when high late season Chilean supply (6 million more 
boxes than the previous April) was dampening prices for early season American grapes.  
The aggregate supply volume effects all prices, but quality driven by weather 
differentiates products supporting premium price gaps in the transition months from 
one production region to another.  Placing all average price trends on a common axis a 
“price gap” consistently exists as the transition from Southern to Northern Hemispheres 
occurs and vice versa.  Figure 1.11 shows the price trends of the significant production 





























Figure 1.11  2012 Price Trend of Grapes Entering U.S. by Region 
 
Since 2006, the average price difference is around $10/box in both of the 
transition periods.  The quality difference described in previous sections is the largest 
driver in this difference in transition prices (Stratford, 2013).  This suggests the market 
views these two products differently, in essence being in some form substitute 
products, a high and a low quality product.  Distinct price differences are indicative of an 
industry paying higher for quality.  Generally, mostly due to ability to achieve both high 
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There are significant differences in quality during the periods under analysis.  
From November to January there still is fresh production of table grapes from California. 
However, as weather conditions for the region transition to winter, the quality of fresh 
harvest declines.  Many grapes released from storage during this period have been in 
climate-controlled storage to maintain quality.  Despite preserving technology, there 
still is a quality decline from earlier in the harvest season when conditions are prime.   
The climate in Peru is more generous to producing a higher quality grape, 
despite travel time and quality degradation during storage in transit.  The quality of 
Peruvian grown grapes during this period is superior to the American counterpart.  
Peruvian grapes receive on average a higher price at American points of entry.  For 
simplicity in analysis, the two products will be defined separately by quality. The labels 
“high quality table-grapes” and “low quality table-grapes” will identify the two products.  








CHAPTER 2. LITERATURE REVIEW 
When looking at the case of international trade with respect to table grapes 
between the U.S. and Peru there are four concepts we can use to understand the 
context of our analysis through previous studies.  Long distance trade in perishable 
goods is a major factor in the functioning of global table-grape markets.  This adds 
nuance to what is involved in trade between nations, looking at the details of what 
motivates this trade, and what occurs over time between countries with low trade 
barriers.  Furthermore, pervious research identifies the effect of involving substitute 
goods where quality differences are the defining factor between the products. This is 
important because in the case of table grapes in a given period there can be significant 
differentiation based on quality.  Finally, we will look specifically at supply and demand 
research involving table grapes within the United States, including reviews of research 
conducted on similar products to grapes to add a more complete story where specific 







2.1 Inter-Regional Trade 
Starting with two distinct markets, with markets defined as two regionally 
distinct geographic areas with their own independent supply and demand relationships, 
we can build into what general trade theory says about why trade occurs between 
markets.  What instigates trade between these two markets would be differences in 
independent market clearing price levels between one market and the other, depending 
on the nature of each region’s independent market clearing prices.  Thus generating one 
an excess demand for imports and an excess supply for export (Schrimper, 2001).   
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Taking into account costs of transport and exchange rates between markets; if a 
price difference still exists then trade will take place.  When this occurs, we have a third 
supply and demand relationship, which becomes the trade market.  Through this trade 
market, price adjustments are assumed to converge between the two independent 
markets to a new market clearing price which should be different only by the cost of 
transportation (Schrimper, 2001).   
 
2.2 Supply And Demand 
The realistic implications of this general theory of international trade are heavily 
reliant on the each country’s individual supply and demand relationships.  We 
understand the relationship between the U.S. and Peru in a developed and developing 
nation role, the U.S. representing the market with excess demand for imports and Peru 
providing the excess supply for the trade market.  Many factors play into how these 
economies have arrived at their current market conditions; changing dynamics in 
incomes, population makeup, trade, and transportation improvements have led to the 
current state of trade as well as holding implications for future trade relationships.  As 
availability of fresh produce in American markets improves and incomes rise in Peru as a 
result of macro-trade trends we can expect to see changes in supply and demand 
(Regmi, 2001).  Furthermore, there is a shift towards greater trade in non-bulk 
commodities.  Changes in factors such as land, labor, and capital will effect availability of 







to diversification of consumption for fruits in a given temporal period (Gehlhar and 
Coyle, 2001).   
Though there are a multitude of factors which determine the potential shifts of 
excess supply and demand from differing countries beyond consistent ability to predict, 
research shows that demand side factors are most impactful on trade (Coyle, et al., 
1998).  Income has been determined to be the greatest driving factor in changing 
patterns of food consumption, land availability, and production efficiencies influence 
the supply side.  As land availability (production improvements) increases due to large 
irrigation projects and increasing amounts of capital entering Peru this could be 
significant force for structural change in table grape trade moving forward (Gehlhar and 
Coyle, 2001). 
2.2.1 Elasticity 
The magnitude of any effects of changes in supply and demand relationships on 
prices and quantities depends on assumptions about elasticities of both supply and 
demand.  Elasticities are the rate at which quantities respond to price changes; the 
percentage at which a one percent change in prices will cause a certain percentage 
change in quantities.  Multiple studies dating back to 1979 calculate table-grape 
elasticities.  Most research uses annual retail data, with Alston, and Eales (Alston, et al., 
1997, Durham and Eales, 2010) using monthly and weekly data respectively and Price 
and Alston using farm gate pricing (Price and Mittelhammer, 1979).  Eales, Price, and 







Almost Ideal Demand Systems (AIDS) and Theil-Goldberger mixed-estimation for 
updating previous estimates.  In contrast, the elasticities generated from Alston and 
Henneberry’s research are part of analysis on consumer reaction to safety concerns and 
promotion effectiveness and not pure demand estimation studies. 
2.2.2 A Comprehensive Analysis 
The most recent comprehensive treatment of the table grape market as a whole 
in the U.S. comes from an analysis of advertising expenditures on demand.  Where 
Alston laid out an econometric model to analyze the effectiveness of promotion by the 
California Table Grape Commission (CTGC) (Alston, et al., 1997).  This report sponsored 
by the CTGC aimed to analyze the effectiveness of promotional efforts of the 
commission.  A demand focused study, the consistency in the annual and monthly 
models express the ability to discuss relationships in this market on a disaggregated 
monthly level.  The report is a thorough treatment of the table grape market in the U.S., 
covering the historical development of the market, aggregate trends, trade matters, 
demographic trends with the core analysis on yearly figures and disaggregated monthly 
data.  At the time of publication, trade relationships were significantly different than 
today, with California, Chile, and Mexico being the major suppliers to the U.S.  Mexican 
grapes being a relatively new force in the U.S. market then, beginning to arrive in 1993 
due to implementation of the North American Free Trade Agreement.  Chilean market 







towards Asia.  The entrance of Peru into the supply network changes some of the 
dynamics the previous report addressed.     
Alston found consistency in both versions of his model, an annual and monthly 
model.  Monthly consumption quantities were determined by price and time of year 
with consistent variables such as per capita income, Chilean imports, Thompson 
Seedless share of production, and expenditures on promotion (Alston, et al., 1997).  The 
results Alston found indicated that promotion efforts by the CTGC are significantly more 
beneficial in net revenues to producers than the cost to implement the program.  The 
continued promotion of grapes both domestically and abroad is required to maintain 
the benefits. 
 
2.3 Trade, Distance and Perishability 
The extent of price convergence due to inter-regional trade would be of concern 
to a firm looking to strategically profit from this trade.  Though general theory suggests 
that prices will converge to a market-clearing price difference equal to transportation 
costs and exchange rates, some empirical research places the universality of the theory 
into doubt.  Protopapadakis and Stoll use internationally traded commodities to test 
how well the law of one price (LOP) holds.  They find that in the long run there is a 
degree of convergence in prices between markets.  However, there are significant 







that there are many more influences on prices than those obvious in trade tariffs, 
transportation cost, and exchange rates.   
Inherent differences in the makeup of each market can limit price convergence 
due to differences in labor markets, pricing structures, and marketing expenses that 
vary between countries.  Inherently through exchange rates there has been evidence for 
price stickiness to support these differences (Engel and Rogers, 1994).  Engel and Rogers 
research contrasts slightly with Protopapadakis by using price indices, but still finding 
LOP to be inconsistent.  Because of these effects, Engel and Rogers found that the 
existence of a border between cities is equivalent in price variation to having 2,500 
miles between two cities.   
The existence of borders and currency differences takes greater importance 
when we take into account what occurs when we have almost ideal conditions to test 
convergence and LOP.  Where convergence and LOP seem to hold is in markets as 
tightly integrated as U.S. inter-state trade where currency has no effect and labor and 
marketing costs are similar.  In cases as these, there is a high degree of convergence.  It 
occurs more rapidly when prices have a larger regional price difference.  Specifically, 
with perishable products we can see higher variability in prices as well as more rapid 
convergence in pricing.  On average price differences cut in half within five months, in a 
third of the time required for other goods (Parsley and Wei, 1996).  With PTPA 
agreement in force, we should see significant price differences for table grapes between 







Since 2009, Peru and the U.S. have worked under a bilateral free trade 
agreement that has systematically lowered import-export tariffs on most goods.  This 
includes elimination of all official tariffs on table-grapes (United States Trade 
Representative, 2009).  This in effect opens the doors for both markets to integrate 
further by lowering the transaction costs of trade through institutional harmonization.  
Changing trade barriers provides opportunity to reorganize supply chains, where the 
lowering of trade barriers has enticed greater opportunities for foreign investment as 
long as firms in each nation have mutually beneficial capabilities (Azevedo and Chaddad, 
2006).  This ability to find local partners potentially could hamper large volume in the 
short run as capacitation of Peruvian counterparts develops. 
Large distances, borders, and a rapidly perishable product exist in table grape 
trade.  A significant price difference between the U.S. and Peru beyond transportation 
should maintain despite the PTPA agreement according to similar research.  Table grape 
trade between the U.S. and Peru appears to have characteristics suggesting LOP will not 
hold.  A highly perishable product, significant labor and marketing cost differences 
between the U.S. and Peru, at least in short-run will suggest opportunities for price 
arbitration activities. 
There are some considerations involved in quality management that exist in 
fresh fruit trade.  Definitions of quality can be considerably different between 
producers, importers and exporters, though all agree, “quality” factors should be taken 







supply chain, actual processes are by no means standard.  This difference in quality 
protection strategies can present barriers for firms to cooperate in trade, requiring 
trading firms to match in terms of capabilities (Carvalho, 2009).  This is also suggested 
on an aggregate trade level of fresh fruits, despite minimal official trade barriers there 
still may exist structural and capability barriers which limit trade volumes (Cardamone, 
2011).  
2.3.1 Perishable Fruit 
Beyond macro impacts of trade barriers and transnational cooperation of firms, 
trade of perishable goods requires valuations on the ability of the cold-chain to maintain 
quality through the duration of transportation.  In a developing nation such as Peru, cold 
chain issues pose a hurdle to providing U.S. markets with quality product on time.  
Verbic outlines the three key factors in maintaining preservation of perishable goods, 
time between harvest and preservation measure application, the natural velocity of 
deterioration of the product, and the effectiveness of the preservation measure applied.  
Using econometric estimation, the percentage of decay and the associated value can be 
used to determine net present values of investment for curbing product degradation 
(Bogataj, et al., 2005, Verbič, 2004).  Many of these investments are standard operating 
procedures in table grape supply, assumingly so due to the more rapid nature of decay 








2.4 Substitute Goods 
Raw data indicates there is a tendency for later season California grapes to show 
consistently lower price than those reaching U.S. ports from Peru.  Not all table grapes 
in the U.S. are homogenous.  This price difference and differing general quality 
standards leads one to believe that in the months of November and December, there 
are two different goods in the California table grape market, “late-season California”, 
and “Peruvian grapes”.  For the Peruvian grape, there is little variability in quality over 
the supply period into the U.S.; weather variability is minimal during the two months of 
supply.  In January, there is a clear shift towards Chilean grapes when the Chilean 
season begins, though production continues from Peru into March.  Data suggests 
preference for Chilean grapes in January as drawn from the historical data.  Peruvian 
grapes have preference in November-December, shown by the price premium over 
American grown grapes.  The research question will focus around the supply and 
demand relationships for each product and their interaction as substitutes and the 
equivalent trade-off between these two goods “late-season California” grapes and 
Peruvian grapes.  Despite quality differences, we could expect a cross-price elasticity 
greater than other substitute products. 
 
2.5 Geographic Diversification 
One strategy for agricultural firms to capture profits is to geographically diversify 







influence prices.  If price changes are large enough, a firm can be worse off by increasing 
supply from other regions.  In 1999, Krueger et al. conducted market integration tests 
on Chilean and American markets to determine the probability of price erosion of the 
Chilean price premium that existed.  Using the main points of entry for price analysis, 
they suggested little integration between the two markets existed, supporting a 
geographic diversification strategy for U.S producers (Krueger, et al., 1999).  Their study 
showed that there was a low probability that prices would normalize; there was minimal 
chance that prices would equalize through increased Chilean supply.  Absorption of new 
supply by increased U.S. demand helped maintain Chilean premiums (Krueger, et al., 
2002).  This outcome is in accordance with some exceptions discussed earlier regarding 
diversions from general theory for convergence (LOP). 
 
2.6 Conclusion 
This thesis will seek to advance Krueger et al. somewhat, where the grape 
market of the Americas has developed significantly since the late 90’s.  Chilean supply 
and expansionary diversification into Chile has matured, stabilizing the trade 
relationship between the U.S. and Chile.  Peru production overlaps with both the U.S. 
and Chile offering increased supply in a period that has existing production, where 
quality factors account for a premium price rather than production when quantities are 







CHAPTER 3. METHODS AND DATA 
3.1 Methods of Analysis 
The method used here approaches the question under analysis from the 
perspective of a linear trade model.  Using a static model, we introduce a shock to the 
Peruvian supply curve, quantifying the effects based on various assumptions of the 
values given to elasticities.  The ranges of elasticities chosen are in accordance with 
previous estimates from literature and implications of demand theory.  Primarily, ranges 
derived by homogeneity condition and symmetry conditions quantified by the Hotelling-




In an industry with multiple moving parts across short periods, many explanatory 
variables for prices are indicative of another.  This creates difficulty in separating 
significance of one quantitative factor from another.  For example, the determinants of 
price include the volumes of harvest and quality factors together.  Likewise, these are 
also functions of weather, which is a function of the month; weather determines the 
quantities available for export.  This creates problems for multi-colinearity, one where 
predictor variables for prices are highly correlated with each other.  This causes 







quantity, weather, and date.  With this in mind, a static log-linear model incorporates a 
percentage shift factor into the supply curve from a base year.  This leads to the effect 
of a given percentage shift in the Peruvian supply curve and the attributable effects on 
prices.  Baseline data is from December of 2012, this being the most complete and 
available timeframe to date. 
3.2.1 Quantity 
Quantity data sources for shipments between the producing regions are from 
two sources.  U.S. movement data was drawn from the USDA Agricultural Marketing 
Service:  Fruit & Vegetable Market News queried database for custom run reports on 
movement (Service, 2013).  Running a custom movement report over the desired period 
of the analysis generated the amount of table grapes shipped.  Shipments reported in 
ten thousand pound units, multiplying by ten thousand pounds, and then dividing by 
nineteen to arrive at box equivalents shipped.  Import quantity data for Peru comes 
from the Global Agricultural Trade System maintained by the USDA Foreign Agricultural 
Service (Service, 2013).  Data generation comes from using a standard query for imports 
to the U.S., volumes report in metric tons.  To achieve parity in units, multiplying the 
reported metric tonnage by 2,204.62 and dividing by nineteen for box equivalents. 
Total quantities exported from Peru come from data obtained from Peruvian 
customs agency SENASA (SENASA, 2013).  Exports reported in kilograms, multiplying 









All prices for both imports and U.S. grapes come from USDA’s Agricultural 
Marketing Service running a custom query for monthly shipping point averages in the 
U.S.  The reported price represents the FOB price seen at point of production or entry to 
the U.S.  In the case of Peruvian grapes at American ports, the transport cost per unit 
from origin is included.  Data reported in various package sizes ranging from eighteen to 
twenty-one pounds.  In order to create a general average, calculations dividing down to 
the average price for a single pound then multiplying by nineteen to get the box 
equivalent for every shipment.  With multiple and varying entries for prices reported, a 
simple average was taken for the month across all price entries for the specific period to 
arrive at a monthly average price for a nineteen pound box of grapes.   
3.2.3 Demand Elasticities 
This section will discuss the process for determining elasticity values.  First, 
potential ranges for the demand elasticity of U.S. grapes are discussed from a survey of 
previous studies.   Second, the cross price elasticity of U.S. grape prices to Peruvian 
quantities is determined.  Third, the cross price elasticity of Peruvian grape prices to U.S. 
quantities is determined.  Finally, the demand elasticity of Peruvian grapes in the U.S. is 
determined from the previously calculated set of own price and cross price elasticities. 
Demand elasticities for U.S. table grapes come from previous research across six 







a range of potential own-price elasticities will be used here ranging from -0.28 to -1.6.  
Table 3.1 lists the demand elasticities calculated by previous researchers. 
Table 3.1 Survey of Table Grape Demand Elasticity Studies 
Author Year Demand Elasticity 
Eales 2010 -1.62 
Hennebery 1999 -2.092 
Huang 2009 -0.49 
Price 1979 -1.16 
You 1996 -0.9 
Alston 1997 -.028 
 
The higher limit used will be from Alston’s research (-0.28).  The data set used in 
his research is similar in timeframe and market points studied, being both monthly, and 
farm gate estimates.  Because his research focused on effectiveness of promotion, 
incorporating expense variables such as costs into the model depressed the resulting 
beta coefficients and increasing overall model significance.   
Previous research did not specifically calculate monthly farm gate elasticities, 
while they did use a mix of monthly and retail data, or farm gate and yearly data; data 
choices have implications for the calculated elasticity.  Using an average amongst 
selected papers, we can use reasonable elasticity values for this study.   
An average between Henneberry and You’s research can represent an elasticity 







a value similar to the results that Eales obtained (-1.6).  Because there is consensus 
amongst three different papers for this elasticity value, -1.6 will be used as the most 
elastic demand value. Henneberry and You both attempt to derive demand and cross 
price elasticities through different approaches by incorporating cross price and income 
elasticities into the analysis, one using symmetric and homogeneous assumptions where 
the other does not.  Both studies used yearly data, which should produce comparably 
more inelastic estimates versus using monthly data.   
Price’s data set differs in that he uses farm gate prices.  Taking an average 
appropriately balances the effects of each studies selection of data arriving closer to 
elasticities that exist at points of interest here.  Prices estimate would understate the 
result coming from monthly analysis, yet Henneberry, would also understate the 
monthly result, but overstate the farm gate elasticity due to using retail data.  The 
simple average should be able to give a reasonable lower limit to the actual monthly 
farm gate demand elasticity for American table grapes based on previous research.   
Having an upper and lower bound determined for U.S. demand elasticity, two 
elasticity values are chosen between the bounds to mark intermediate effects.  With 
these upper and lower bounds on own-price elasticity for U.S. grown table grapes, the 
equivalent cross-price elasticities can be estimated using conditions for homogeneity 
and symmetry.  Own price values used will be:  -0.28, -0.6, -1.2, and -1.6. 
Knowing that American grapes and Peruvian grapes are substitute goods, we can 







homogeneity assumption, the absolute value of a cross price elasticity cannot exceed 
the absolute value of its own-price elasticity; quantities will always be more responsive 
to their own price than to another product’s price.  Thus, with an own price elasticity of 
-0.28 the cross price elasticity of American grapes to Peruvian prices must be in the 
range of 0 to 0.28, and 0 to 1.6 for the lower limit.  The value of the cross-price of U.S. 
grapes will be in relation to the own-price value.  Cross-price values at the upper limit of 
own-price values are typically impossible since the homogeneity condition requires that 
the sum of all elasticities must be equal to zero.  A cross-price value of half the absolute 
value of own-price would be towards the elastic end of the possible spectrum and will 
be the upper limit of each scenario of elasticities calculated.  These two products being 
studied are most likely the closest potential substitutes for each other, from this we can 
assume that the absolute value of cross price elasticities than their relationship with any 
other products. 
Equation 1 presents Hotelling-Jureen Relation for symmetry used for 
determining values for cross price elasticity pairs. 
 
(1) 




𝐸𝑖𝑗, 𝐸𝑗𝑖  = cross price elasticities 
𝑅𝑖 = Expenditure on i as a proportion of total expenditures. 







The cross-price elasticity for Peruvian grapes is estimated.  In this case using 
baseline data points the following value represents an applied example assuming the 
U.S. cross-price elasticity of .14. 
 




𝐸𝑗𝑖 =  0.91 
 
With these calculated sets of cross price elasticities the same assumptions can be 
used to determine the own price elasticity of both US and non-US demand for Peruvian 
grapes.  The elasticity of US demand for Peruvian grapes must be at least greater than 
its cross price elasticity.  Holding to the homogeneity condition requires this relationship 
and helps determine the possible ranges for the initial cross price elasticity.  These 
values are determined by doubling the cross-price elasticity of Peruvian grapes arriving 
at the Peruvian own-price elasticities.  With the top five historical destinations for 
Peruvian table grapes being China, US, Netherlands, Russia, and the UK, the assumption 
is that buyers of Peruvian grapes have relatively similar preferences and responses to 
prices.  While China and Russia per capita might not have the same consumer economic 
profile (income, preferences, etc.) as the other three nations, there is a significant 
section of upper middle class consumers located in the cities that do have the same 
economic profile within these countries. 
Development of a set of demand elasticity scenarios for use in the static model 







more elastic the range of cross price elasticities widens constraining possible cross price 
values to a smaller range under inelastic U.S. own price conditions (-0.28).  With a more 
elastic U.S. own price scenario (-1.6), cross price elasticity values are able to have a 
wider range of possible values.  In the later own-price scenario, cross price elasticity can 
then range from an inelastic to an elastic scenario.  A complete table of elasticity 
scenarios used in this study is included in Appendix A. 
3.2.4 Supply Elasticities 
Supply elasticities are in ranges in this research due to the questionable nature 
of generating confident estimates as well as the general method used in previous 
studies.  Range selection is arbitrary to fit within a plausible range.  This practice has 
been common in other studies of this type of product (Alston, et al., 1997).  Supply 
elasticity values modeled will be, 0.5, 1, and 2.  Values closer to zero would indicate a 
short run supply elasticity, most likely one that represents periods from one to three 
years when a planting decision that affects quantities produced cannot be made.  A 
supply elasticity assumption closer to two would be indicative to the long run version of 
quantity impacts on prices, a period greater than three years from the base period when 
planting decisions can be made.  Since Peru has the ability to bring vines into production 
faster than the Americas, this would indicate that Peruvian supply elasticity is greater 
than American supply elasticity. 
The growing environment in California is rather mature, most land in the San 







increasingly constrained.  Because of this, growing acres will most likely not increase 
significantly with production increases coming from long-term technological 
improvements.  While Peru is on an aggressive growth pattern with new acreage 
becoming available for cultivation and the possibility of farmers switching from lower 
value grain crops over time, a higher elasticity of supply seems most realistic.  The 
scenarios of .5 and 1 for U.S. and Peruvian supply elasticity respectively fit better to 
current growing conditions, yet all six possible combinations will be modeled to test the 
response of output values. 
3.2.5 Parameters and Variables 
In the following Table 3.2 presents list of parameters and variables that used in 
calculating the mathematical model.  The list includes the parameter notation, a brief 
description of meaning, the author, or source for the data along with the numerical 















Table 3.2  Notation and Data for Model - Base date:  December 2012 
 
Parameter Description Author Numerical Estimate 
𝑃𝑢 
Price of U.S. Grown 
Grapes 
USDA AMS $24.53 
𝑃𝑝 
Price of Peru 
Grown Grapes 
USDA AMS $31.02 
𝑄𝑢
𝑠  
Supply of U.S. 
Grapes 
USDA AMS 12,097,895 Boxes 
𝑄𝑢
𝑑 
Demand of U.S. 
Grapes 
USDA AMS 12,097,895 Boxes 
𝑄𝑝
𝑑𝑢 
U.S. Demand of 
Peru Grapes 
USDA, FAS 1,207,702 Boxes 
𝑄𝑝
𝑠 
Supply of Peru 
Grapes 
ADUANAS 5,257,861 Boxes 
𝑄𝑝
𝑑𝑛 
Non-US Demand of 
Peru Grapes 
ADUANAS 4,023,332 Boxes 
𝜀𝑢
𝑠  
Elasticity of U.S. 
Supply  
Range of Values .5,1,2 
𝜀𝑃
𝑠  
Elasticity of Peru 
Supply  
Range of Values .5,1,2 
𝜂𝑢
𝑑 
Elasticity of U.S. 




-.28, -.6, -1.2, -1.6 
𝜂𝑢,𝑝 




.14, .3, .6, .8 
𝜂𝑝
𝑑𝑢 
Elasticity of US 




-1.82, -4.34, -7.8,        
-10.4 
𝜂𝑝,𝑢 












-1.82, -4.34, -7.8,        
-10.4 
Θ 









3.3 Theoretical Model 
Analysis begins by looking at general theory of regional trade.  From a three-
panel diagram describing a general trade relationship we can decompose the effects of 
a shift in any of the supply and demand relationships of the two trading regions to find 
the magnitude of changes holding other factors constant.  Figure 3.1 is the framework 
for analysis of this problem describing the month of December.  Modeling and 
describing trade problems uses this general graphical model as a basic starting point for 
analysis.  This is a perfectly competitive trade market with infinite buyers and sellers, 
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Each panel represents the individual supply and demand relationships within 
each market alone with the central panel describing a theoretical market through which 
trade occurs.  The upper set of three panels (a, b, c) represents the trade of Peruvian 
grown table grapes; the lower single panel (d) represents the trade of American grown 
table grapes.  In this case, because analysis is focusing on the Peruvian trade and 
relevant cross price effects, the trade of American grapes will assume to clear and is in 
only a single frame.  In the lower panel (d)  𝑆𝑢 and  𝐷𝑢 are the American supply and 
demand relationships respectively, with 𝑄𝑢
𝑑 being the quantity of American grapes 
produced and consumed price 𝑃𝑢.  In the Peruvian grape market panels (a, b, c) 𝑆𝑝 and 
𝐷𝑝
𝑛𝑢 are the Peruvian supply and non-U.S. demand relationships respectively with 𝑄𝑝
𝑠 
and 𝑄𝑝
𝑑𝑛 representing the quantities produced in Peru and consumed outside the U.S.  
There exists demand for higher quality Peruvian grapes in December and a lack of 
production at this quality within the US.  Simply, there is demand without domestic 
supply for the product.  The “excess supply” not consumed outside the U.S. satisfies the 
demand within the U.S. at the given price 𝑃𝑝.  The middle frame of the upper panel (b) 
depicts the trade market where excess supply and excess demand (𝐸𝑆𝑝, 𝐸𝐷𝑝
𝑑𝑢) intersect 
and the market clears and Peruvian grapes enter the U.S. at 𝑄𝑡.  Where the cross price 
effects come in is the interaction between the upper (a, b, c) and lower panels (d) 
introduced in the quantitative model. 
Typically, in the trade market panel there would be represented the effects of 







transport costs for a cleaner depiction, and are not included due to the log-linear nature 
of the model.  Results from the model report in percentage changes, which does not 
need to consider transportation costs to be effective, thus ignored in this model.  
Transport cost effects should be exogenous, affecting prices equally.  For example, a one 
percent change in the price of grapes in Peru should result in a one percent change in 
price for the same grape in the U.S., despite addition of transport costs in transport to 
U.S. ports. 
Figure 3.2 represents the question under analysis of an induced supply shock 
represented graphically as a shift in 𝑆𝑃 identified by 𝑆𝑃’.  The main goal here is to 
determine how this shift in the Peruvian supply curve will translate into changes in 
quantities and prices across the two trade regions.  The following figure shows 
graphically the expected effect of an increase in Peruvian supply.  Total supply increases, 
along with excess supply in the trade market increases total consumption and lowers 
the price for Peruvian grapes.  Panel “h” shows the effects on American table grapes, 
the demand curve shifts as consumption shifts from American grown grapes to Peruvian 
grown grapes due to the lower prices.  The demand shift causes both the price and 
quantities consumed of American grown grapes to fall.  The new prices seen in the U.S. 
market panel (h) will force both producers and consumers to choose new consumption 
and production levels as shown by the quantities.  Yet, the total consumption of table 







prices become more attractive to buyers.  In other words, the increase of Peruvian 
grape consumption must be greater than the decrease in American grape consumption. 
 
Figure 3.2 Theoretical Trade Model with Supply Shock 
 
Finally, in regards to these pictorial depictions of this study, is the effect of the 
selection of elasticities on outcomes.  Using Figure 3.2 as a “unit-elastic” selection of all 
elasticities (ε=1).  Figure 3.3 shows the effects of a shift in the supply curve when using 
inelastic elasticities (ε<1).  Shorter periods would have more inelastic relationships than 
longer periods; represented through selection of elasticities, thus incorporating time 
concepts into the model.  Shifts in supply or demand would have greater impacts if they 
occurred quickly, than if the same magnitude in shift occurred over a longer period. 
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Figure 3.3 Theoretical Model with Inelastic Relations 
 
As is seen above in Figure 3.3, if there are inelastic assumptions made for supply 
or demand systems there are different effects on prices and quantities.  There are 
greater impacts on price with smaller quantity changes.  This relation shows the 
importance of selecting elasticity ranges that are plausible and will confidently reflect 
the true system of supply and demand relationships in table grape trade of the U.S. and 
Peru. 
From this theoretical concept, the purpose of this research is to determine the 
numerical quantities for these changes in prices and quantities using a quantitative 
model that accounts for a given shift in the supply curve. 
 
American Market 





𝑃𝑢’            
                                            𝐷𝑢 
                                          𝐷𝑢’ 
 
                  𝑄𝑢
𝑑’   𝑄𝑢
𝑑              Q 
l 
External Market 
P                                𝑆𝑃   𝑆𝑃’ 




                                           
 
                                          𝐷𝑝
𝑛𝑢 
 
                     𝑄𝑝
𝑑𝑛   𝑄𝑝
𝑠  𝑄𝑝






𝑃𝑝’                                                                       
        
 
                                    𝐷𝑝
𝑑𝑢 
 
     
                𝑄𝑝
𝑑𝑢   𝑄𝑝
𝑑𝑢’              Q 
i 
Trade Market 
P                            𝐸𝑆𝑝    𝐸𝑆𝑝’ 
                                               
                                      
                                            
 
                                          𝐸𝐷𝑝
𝑑𝑢 
                                                        
                    









3.4 Quantitative Model 
After obtaining a conceptual understanding of the graphical model, quantitative 
modeling places values to the effects of a shift in the Peruvian supply curve, holding 
other aspects constant.  Taking the variables seen in the theoretical panels, equations 
representing the changes in quantities as a function of prices captures the main 
components of the market.  Within each market there are the quantities produced 
(𝑄𝑢
𝑠 , 𝑄𝑝
𝑠) and quantities consumed (𝑄𝑢
𝑑, 𝑄𝑝
𝑑𝑢, 𝑄𝑝
𝑑𝑛) and prices (𝑃𝑢, 𝑃𝑝).  Having seven 
unknown variables, seven linear equations allow simultaneously calculated solutions for 
the resulting changes from the supply shock.  Taking each unknown, formulating them 
as functions of price and quantities, the following relationships exist. 
 
(3) 𝑄𝑢
𝑠 = 𝑓(𝑃𝑢) 
(4) 𝑄𝑢
𝑑 = 𝑓(𝑃𝑢, 𝑃𝑝) 
(5) 𝑄𝑝
𝑑𝑢 = 𝑓(𝑃𝑝, 𝑃𝑢) 
(6) 𝑄𝑝
𝑠 = 𝑓(𝑃𝑝) 
(7) 𝑄𝑝










Equations 3-9 show each quantity as a function of the price seen in each region.  
While there are other factors such as weather and bearing acreage that affect quantities 
produced, one can view prices as accounting for these factors.  In addition, producers 
make planting and removal decisions in accordance to costs of production, which in turn 
contributes to quantities produced.  Similarly, weather effects are a short-term 







rises and falls, prices change accordingly in shorter run scenarios when planting 
decisions are not made.  Equation 8 summarizes the relationship between the excess 
supply from Peru and the quantities demanded in the U.S., where 𝑄𝑝
𝑑𝑢 is later referred 
to as the quantity traded.  The left side of the equation (𝑄𝑝
𝑠 − 𝑄𝑝
𝑑𝑛) represents the 
quantity of existing excess supply in the Peruvian market.  Likewise, the right side of the 
equation 𝑄𝑝
𝑑𝑢 represents the quantity of excess demand in the U.S., summarized as 𝑄𝑡, 
the quantity of Peruvian exports to the U.S.  Equation 9 solidifies the market clearing 
relationship imposed on American grapes for this analysis.  Simply, showing the 
relationship that supply of U.S. grapes equals demand of U.S. grapes. 
To create a workable mathematical model, equations 3-9 are total differentiated 
to achieve the following relationships between elasticity’s and percentage changes in 







𝑑)%𝛥𝑃𝑢 + (𝜂𝑢,𝑝)%𝛥𝑃𝑝 
(12) %𝛥𝑄𝑝
𝑑𝑢 = (𝜂𝑝
𝑑𝑢)%𝛥𝑃𝑝 + (𝜂𝑝,𝑢)%𝛥𝑃𝑢 
(13) %𝛥𝑄𝑝
𝑠 = (𝜀𝑝

























After totally differentiating the original functions, the unknown variables of 
quantities and prices are usable in a static model (Equations 10-16).  From these 












𝑑𝑛) in terms of percentage changes from the base period.  
The addition of theta (𝜃) to Equation 13 allows for the inclusion of the effect of the 
supply curve shift in Peru on a percentage basis.  The values for elasticities calculated as 
constants according to Equation 1, as previously discussed.  Equations 10-16 are solved 
simultaneously using The General Algebraic Modeling System (GAMS) according to the 
90 elasticity scenarios (Appendix A). 
 
3.5 Theta 
The shift in Peruvian supply curve does not equal the change in Peruvian 
quantity supplied.  It should not be construed that 𝛩 = %𝛥𝑄𝑝
𝑠.  They are related 
however not the same and would be equal only if Peruvian demand was perfectly 
elastic.  Quantity supplied can be defined as 𝑄𝑝
𝑠 = ∝ +𝛽1𝑃 + 𝛽2𝐴, where A is the area 
planted.  If 𝛽2 = 1, then 𝛩 = 𝑄𝑝
𝑠, however 𝛽2 cannot equal one since supply also is 
determined by yield variables and 𝛽2 < 1.  The definition of the Peruvian supply curve is 
presented in the theoretical model and shown graphically in Figure 3.1 as 𝑆𝑝.  The actual 
quantity supplied will change differently from the shift in the supply curve according to 









CHAPTER 4. RESULTS 
The results from the calculation of the mathematical model given the assumed 
ranges of elasticities fit with general trade theory in the expected direction of the 
changes in prices and quantities.  Prices of both American and Peruvian grapes have 
negative coefficients, while consumption of American grown grapes decreases but total 
consumption in the U.S. increases.  In this chapter is a presentation of the numerical 
results from the mathematical model.  Beginning with a presentation of the range of 
possible changes for each quantity and price variable, followed by results in terms of 
specific scenarios based on a definition of an “elastic” or “inelastic” supply and demand 
scenario.  Presentation of results in this way is important in understanding the 
relationship between quantities and prices due to limits placed on demand and cross-
price elasticity parameters. 
 
4.1 Outputs 
Using a base period of December 2012, results are generated according to 
methodology described in Chapter 3.  Calculations were done showing a 10% shift in the 
Peruvian supply curve (Θ = 10) for discussion.  Results for all 90 scenarios are in 
Appendix B.  The log-linear model allows easy calculations for determining any other 







scenario dividing by 10, resulting in a 1% shift, and then multiplying by the desired 
percentage shift in supply the reader desires.  Table 4.1 shows the highest and lowest 
possible values for each calculated variable. 
 
Table 4.1  Range of Percent Changes (Θ = 10) 









































       *Nominal value in parenthesis 
 
The table serves to demonstrate only the two extremes of possible changes for 









Connecting actual output values to assumptions will show the nuance behind the 
simple ranges shown in Table 4.1.  In terms of elasticity selection, the 90 scenarios 
calculated can be understood in terms of “elastic” or “inelastic” in both own-price and 
cross-price elasticities.  Given the reasoning for demand elasticity discussed in Chapter 
3, elasticities are in relation to a beginning own-price elasticity for American grown table 
grapes.  For sake of discussion, results will be in terms of elastic or inelastic scenarios.  In 
addition, continuing discussion will focus on the variables of greatest interest, prices, 
quantities of American grapes demanded, and Quantities of Peruvian grapes demanded 
in the U.S. (𝑃𝑢, 𝑃𝑝, 𝑄𝑢
𝑑, 𝑄𝑝
𝑑𝑢). 
4.2.1 Inelastic Demand Scenario 
Within an inelastic scenario which assumes an own-price elasticity of -0.28 for 
American grown table grapes, the related cross-prices have little margin for variation.  
Small changes in demand elasticities caused minor changes in model results.  Findings 
vary across supply elasticity changes.  Table 4.2 portrays the results assuming inelastic 
demand. 
Table 4.2  Price Changes Given Supply Elasticity 
  𝜀𝑢
𝑠  
 𝑃𝑢 .5 1 2 𝑃𝑝 .5 1 2 
𝜀𝑝
𝑠 
.5 -0.79 -0.48 -0.27  -4.40 -4.37 -4.35 
1 -0.65 -0.39 -0.22 -3.61 -3.59 -3.57 
2 -0.48 -0.29 -0.16 -2.65 -2.64 -2.63 








Price effects are greatest due to changes in their associated supply elasticity.  
Impact is greater on Peruvian grape prices than that of U.S. grapes.  This most likely is 
associated with the direct effects of the shock in supply and with the Peruvian product 
being a smaller portion of the total grape market. 




𝑑 .5 1 2 𝑄𝑝
𝑑𝑢 .5 1 2 
𝜀𝑝
𝑠 
.5 -0.40 -0.48 -0.53  7.29 7.52 7.68 
1 -0.32 -0.39 -0.44 5.97 6.17 6.31 
2 -0.24 -0.29 -0.32 4.39 4.54 4.65 
*percent changes in quantity 
 
Likewise, quantities demanded experience similar results.  However, the demand 
for Peruvian grapes would be larger due to a higher value for its cross-price elasticity 
compared to the U.S. grape cross-price elasticity.  As expected from the theoretical 
models, effects of selecting more elastic supply scenarios result in smaller effects on 
prices and quantities than in using inelastic versions.   
4.2.2 Elastic Demand Scenario 
With a more elastic demand scenario, there is more flexibility to study the 
effects of the selection of cross price elasticities.  Holding the own-price elasticity for 
American grapes constant at -1.6, the model generates results for various possible 
cross-price elasticities.  Discussion will cover the highest and lowest cross-price values.  
Supply elasticities are held constant at 0.5 for U.S. grown grapes where Peruvian supply 
elasticity is allowed to range.  Figure 4.1 shows the trajectory of price effects across 









Figure 4.1 Price Effects across Supply and Cross-Price Elasticity 
 
As theory suggests, greater supply elasticities have dampening effects on the 
magnitude of change, seen in the downward slope of the graph.  Cross price elasticities 
have an inverse effect on the price of Peruvian and U.S. grapes.  An increase in the cross 
price values decreases the magnitude of change on U.S. grape price while increasing the 
magnitude of Peruvian price.  At a cross-price scenario of 0.8 the price change due to 
the supply shock is rather small with both products changing less than 1%.  Evidently, 
Peruvian prices are much more sensitive to the selection of cross price elasticity values.  



















US Price at 0.8
Peru Price at 0.8
US Price at 0.14








Figure 4.2  Quantity Effects across Supply and Cross-Price Elasticity 
 
For changes in quantities demanded, there is much the same story as with price 
changes.  With higher supply elasticity, percent change converges towards zero.  
Demand for American grapes does not change much with cross-price elasticities, while 
demand for Peruvian grapes is much more sensitive to supply elasticity at more elastic 
cross-price values.  Figure 4.2 supports the idea that a more rigid elasticity system will 
sustain greater effects during a supply shock. 
The selection of elasticities has implications on the magnitude of potential 
changes as well as implications for the effect that other elasticities will have on the 
results.  In the previous section, the aim was to portray graphically as much as possible 
the extreme values that could result, allowing the reader to get a sense for the impact 
of any assumption they may make for elasticities.  Quoting change in terms of 



















Demand for US Grape at 0.8
Demand for Peru Grape at 0.8
Demand for US grape at 0.14















CHAPTER 5.  IMPLICATIONS 
The underlying question that is trying to be answered through this research is to 
determine in dollar and volume terms what is a reasonable response the expected 
growth in Peruvian supply quantities will illicit in the American market.  What is the 
effect on prices and volumes?  Then what does that mean for total market value in the 
U.S.?  So far, we have seen the construction of the model and preliminary results 
without real world context.  This chapter will seek to place the results in Chapter 4 into 
context of future expectations.  Varying magnitudes of theta and applicable elasticity 
adjustments will account for different lengths of time.  We will begin with a 
presentation of expected growth rates in Peruvian supply, followed by an analysis of 
that expected growth rate over two different time-periods.   
 
5.1 Expected Growth 
The most consistent look at Peruvian historical volumes comes through export 
data, where yields or producing acres is more unknown, let alone non-bearing acreage.  
Through the method applied in chapter 3 the reader is able to apply any expectations 
they may have regarding future growth possibilities of Peruvian production and obtain 







production possibilities in order to extrapolate possibilities for growth and apply 
findings in chapter 3 to these assumptions. 
Growth in Peruvian volume is highly dependent on irrigation projects that 
historically have had a start-stop nature.  The Olmos irrigation project expects to place 
95,000 acres under new irrigation, and arrive at 1.8 million acres along the countries 
coastal lands (Hendriks, 2009).  The actual production possibility of Peru is largely 
unknown at this time and dependent on the final extent of these projects.  Looking at 
the most reliable historical data from ADUANAS, the compound annual growth rate of 
December exports since 2006 has been 28%.  Applying this growth forward for the 
coming decade, December Peruvian supply volume could be equal to current U.S. 
volume within 4-5 years.   
 
Table 5.1  Peruvian exports at 28% growth 
 
The question then is where is volume going to plateau?  Volumes equivalent to 
U.S. production are plausible and expected to exceed that number.  In the short term 
Year Projected Dec. Export Boxes Acres at 950 box/acre 
2012 5,256,382 5,533 
2013 6,728,169 7,082 
2014 8,612,056 9,065 
2015 11,023,432 11,604 
2016 14,109,993 14,853 
2017 18,060,791 19,011 
2018 23,117,813 24,335 
2019 29,590,800 31,148 
2020 37,876,224 39,870 
2021 48,481,567 51,033 







projected growth till 2015 seems plausible given the vision of industry commentators 
(Agraria.pe, 2013).  If government projects continue, Peru could become the world’s 
largest exporter of table grapes.  The following scenarios look to the near future where 
production capabilities are more certain. 
5.1.1 Time and Elasticity 
In Chapters’ two and three, we briefly discussed issues involved with choosing 
our range of elasticities.  Timeframe of data sets and location of price measurement 
affect the value of an elasticity calculation.  A longer period would produce a more 
elastic value than a shorter period, and retail prices produce a more elastic value than 
farm gate for the same product.  The effect of time on elasticities must be taken into 
consideration when applying this model in the context of future events.  For effects over 
three years, a more elastic demand scenario is used than a study over a single year. 
A shorter period restricts both producers’ and consumers’ ability to react to 
price changes.  This is representative of an inelastic supply and demand system.  When a 
comparatively longer period is studied, producers and consumers have more 
opportunity to adjust production and consumption habits.  An elastic supply and 
demand system expresses this. 
 
5.2 Growth Over One Year 
In a single year, current bearing acreage determines most of the year’s 







California.  Growers can make adjustments through fertilization, amendments, and 
water usage; this permits the use of supply elasticities other than perfectly elastic.  
Peruvian producers however have the ability to achieve first harvest in a year and a half.  
In terms of supply elasticities, U.S. production supply elasticity will be more inelastic 
than the Peruvian supply elasticity. 
While producers have constraints on their ability to affect production, 
consumers also have habits that do not necessarily change in a single season.  Demand 
elasticities in a single year will be more inelastic than across three.  In addition, a higher 
priced import will be more elastic than the cheaper domestic good.  While this 
description is partially repetitive of previous sections, this logic has been applied here 
for real world context.   
Growth over a single year will have a more inelastic demand and supply elasticity 
scenarios.  Scenario 11 is the most inelastic demand system that approximate supply 














Table 5.2 Elasticity Scenario 11:  Θ=30 
 
Variables Name Base Values Model Result 
%𝛥𝑃𝑢 Price of US Grape $24.53 
-1.94% 
($-0.48) 




𝑠 Quantity Supplied of US 




𝑑 Quantity Demanded of 




𝑑𝑢 US Demand of Peruvian 




𝑠 Quantity Supplied of 




𝑑𝑛 Non-US Demand of 
Peruvian Grape 4,023,332 Boxes 
19.69% 
(792,194 boxes) 
*Nominal value in parenthesis 
Supply shifts impact Peruvian prices and quantity at much greater levels 
compared to U.S. in a single year’s growth.  Here, buyers do not have ample time to 
respond to the new quantities, which affects prices of Peruvian grapes most 
dramatically.  In a more rigid demand system, a smaller percentage shift in supply will 
cause larger impacts in the entire market.  Over a single year, a 28% increase in Peruvian 
supply will cause the Peruvian price to decrease 10%.  If this growth occurred over a 
longer period, it would allow stakeholders to adjust to changes, softening impacts on 
prices. 
The price of U.S. grapes is affected minimally compared to Peruvian; this is due 







overwhelming market share.  If base period quantities of Peruvian and American supply 
were similar, the impacts on Peruvian price would be much lower.   
5.2.1 Welfare 
We should expect changes in welfare due to a supply shock.  Surplus will shift 
from producers to consumers in the U.S. market.  In the Peruvian market consumer 
surplus will hold constant while producer surplus will increase.  From the U.S. producer 
perspective, this is felt through shrinking market values.  Engaging in production in Peru 
can help U.S. producers recapture some of that surplus lost in their home market. 
We will now look at the changes in welfare for both producers and consumers 
that will occur over a single year growth in supply.  Figure 5.1 is a re-representation of 








Figure 5.1  Welfare Representation
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In panel I, we see the changes in surplus for American consumers from increased 
Peruvian supply.  There is no producer surplus in this panel because as previously 
defined, U.S. growers are not producing “high-quality” grape.  Consumers benefit from 
this trade.  There is an increase in consumers surplus $4,408,304 from this activity.  
Panel III shows the increase in Peruvian producer surplus of $27,904,005.  Panel IV 
shows the transfer of $4,314,616 from U.S. producers to consumers of U.S. grapes.  In 
total, consumers of U.S. grapes are better off by $8,722,920 through decreases in price 
and changes in supply of Peruvian grapes.  U.S. producers are adversely affected by the 
decreasing price and quantities demanded of U.S. grapes.   
 
5.3 Three Year Peruvian Growth 
This section will look at effects of Peruvian supply growth over three years.  A 
three-year period allows production and consumption decisions to be taken by all 
stakeholders.  U.S. plantings from period zero will have begun to produce an initial crop, 
and Peruvian producers will have harvested their second crop.  Consumers will have 
begun to adjust to the changes in seasonal pricing patterns, noticing changing pricing 
patterns.  Using the growth rates presented in Table 5.1, Peruvian supply will double 
within three years of the base period.  A shift in the Peruvian supply curve by a value of 
120 approximates this growth rate.  Table 5.3 displays the results from such a shift.   
Elasticity selection, constraints on U.S. producers for acreage expansion limits 







completion of infrastructure projects limits relaxation of Peruvian supply elasticity 
despite longer growth horizon. 
Table 5.3  Elasticity Scenario 18: Θ=120 
 
Variables Name Base Values Model Result 
%𝛥𝑃𝑢 Price of US Grape $24.53 
-3.27%  
($-.80) 




𝑠 Quantity Supplied of US 




𝑑 Quantity Demanded of 




𝑑𝑢 US Demand of Peruvian 




𝑠 Quantity Supplied of 




𝑑𝑛 Non-US Demand of 
Peruvian Grape 4,023,332 Boxes 
99.26%  
(3,993,559 boxes) 
*Nominal value in parenthesis 
 
 Ceteris Paribus, with a doubling of Peruvian supply, one begins to see a scenario 
where the price of Peruvian grapes begins to be similar to U.S. grapes.  At ten million 
boxes produced, U.S. and Peruvian production volumes are similar for December.  The 
largest impacts are on the Peruvian price while there is minimal effect on the U.S. price. 







5.3.1 Model Reliability with Large Shifts 
A note of caution should be made in interpreting model results with large supply 
shifts.  With large thetas, potentially unreliable results are generated.  The model begins 
to ignore demand factors at this rate; it assumes that there is unlimited capacity for 
consumer demand.  Furthermore, due to constraints of a linear model an extreme value 
for theta will eventually produce negative prices for Peruvian grapes while maintaining 
positive prices for U.S. grapes.  
Beyond the scope of this paper, a question regarding the demand capacity for 
grapes in December needs consideration.  Is there consumption capacity for 15 million 
boxes of grapes in the U.S.?  Volumes in summer are typically much higher than this, 
however the climate is more conducive to fruit consumption.  In December 2011, U.S. 
total grape imports were four million boxes, while U.S. and Peruvian prices were 
$19.10/box and $25.46/box respectively.  Total U.S. production was off by a million 
boxes compared to our base period in 2012.  It is not unreasonable to expect Peruvian 
prices to decline as Table 5.3 suggests given historical prices.   
The underlying theory regarding consumption capacity is one of substitution.  If 
volumes achieve demand saturation, will consumers purchase Peruvian grapes at levels 
where U.S. production is no longer feasible in December?  As Peruvian volumes 
increase, the imported volume from Peru could satisfy enough demand that U.S. 
producers are impacted greater than previous results suggest (Flam and Helpman, 







consumers to not purchase the low quality product in December, being satisfied by 
sufficient volumes of higher quality imports. 
5.3.2 Welfare 
A three-year predictions show the result of prices and quantities after the 
complete shift over the three years.  As done with the one-year model we can 
determine the welfare changes associated with a longer period.  The same direction of 
changes or transfer of surplus that will occur over this period are the same as in Figure 
5.1, only values will be larger. 
Over three years the additional consumer surplus from the importation of 
greater quantities of Peruvian grapes is $12,508,684.  Peruvian producers see an 
increase of $122,196,965 in surplus, while U.S. producers transfer $7,183,408 to 
consumers of U.S. grown grapes.  Total consumer surplus increases by $19,692,092.  







CHAPTER 6. CONCLUSION 
This research has addressed an issue facing U.S. producers of late season table 
grapes; continued growth of Peruvian supply.  The modeling seen here held all demand 
factors, and supply of U.S. grapes constant as of the base period, then induced a shock 
in Peruvian supply.  The final price discovery process accounts for movements in 
demand factors, which is beyond the scope of this research.  As either a producer or 
marketer of late season table grapes the implications of this research has different 
meanings.  Responding to the results of this research will need to be in accordance with 
the firms’ current competitive position and ability to alter strategies.   
It is tempting to ask the question about what percentage shift in the Peruvian 
supply curve would cause the price of Peruvian and American grapes to be equal?  
Mathematically this result could be determined though the results would be 
meaningless.  In an applied sense this result would never occur.  If Peruvian imports are 
of a higher quality than American grapes during December, Peruvian grapes are strictly 
preferred to US grapes.  As the quantity of Peruvian grapes increases on the market, the 
price also decreases, along with it the price of American grapes.  As Peruvian December 
volumes increase and the overall consumption market is satiated, production of 







will choose higher quality if at an equal price.  As Peruvian quantities increase, American 
prices decrease, making U.S. production for harvest in December potentially 
unprofitable.  At the point demand is filled U.S. production during winter transition 
would disappear.   
6.1 U.S. Producer Strategy 
As we saw in the changes in surplus from Chapter 5, U.S. producers will see their 
market value decrease and value going to consumers.  The decreases in U.S. producer 
surplus are six or more times smaller than the increase in Peruvian producer market 
share.  For producers large enough to capture this surplus increase, there are 
opportunities to mitigate any losses in the U.S. market.  They can even increase value 
beyond losses sustained domestically.  Operational issues may complicate their ability to 
extract that increased value.  Unequivocally, maintaining only domestic production 
maintaining profitability will become more difficult. 
In the short term, prices for U.S. grapes are not impacted significantly.  This is 
positive for growers, allowing time to adjust strategies without significant constraints on 
revenue.  This must be done on an individual firm level based on the results presented 
here.   
Three potential courses of action could stem losses.  The technological 
development of grapes harvested in December of equal quality to Peruvian.  This 
process is slow and no guarantee of success.  In relation to the model discussed here, 







3.1.  Secondly, the generation of greater demand for either American grapes and/or 
Peruvian grapes.  This would be a rightward shift in the demand curves, which would 
absorb movements in supply, holding prices stable, while increasing volumes.  Lastly, 
engaging in production in Peru can have benefits if operational successful. 
Marketers of grapes will see the addition of Peruvian grapes to their offerings 
will add to their revenue base as a replacement to lost sales of U.S. grapes, but true 
value is transferred to Peruvian producers.  Engaging in the importation of Peruvian 
grapes will be necessary, but they will see their market value decrease along with 
producers.   
In the end as expenditure ratios between the two products equalize, any further 
increases in Peruvian supply will impact the prices of each more equally.   
 
6.2 Limitations 
The model chosen in this research is limited in its static single period nature to 
analyze a more dynamic environment.  Production and consumption decisions are not 
necessarily done in such a vacuum, supply and demand relationships are constantly 
shifting over time.  Buyers of either type of grape will adjust demand based on greater 
availability from one period to the next causing demand shifts which are not being 
analyzed through this format.  While some prior research suggests that demand 
increases in table grapes as year round availability improves creating a habit effect in 







only one factor effecting the entire supply demand relationship in isolation, with no 
allowance for intermediary decisions by agents in other periods. 
Furthermore, when the selection of elasticities for the model is being drawn 
from a selection of previous research assuming that the price and quantity results are a 
definitive answer to the penny or box, would be misleading.  Elasticity selection is 
important in determining the results and should be understood that if supply elasticity 
selected is .5, the true value yet to be discovered in this market might be .3 or .6, 
creating different results.  Selecting the assumption of inelasticity (or elasticity) in supply 
or demand should be the focus of the reader and the results seen as “ballpark” effects.  
Despite the difficulty in finding exact elasticity parameters, when model results do not 
change significantly at minor changes in an elasticity parameter the difference between 
any tenth incremental changes in elasticity in application can be due to error.  
Another limitation arising from this type of analysis stems from the use of 
benchmark periods.  The selection of a benchmark forces analysis to be in terms of 
shorter term implications.  In the same way that this model does not allow for demand 
shifts in further periods, benchmarking has kept expenditure shares constant into the 
future effecting the value of cross price and demand elasticity of Peruvian grapes.  As 
expenditures on Peruvian grapes increase with greater volume, the expenditure share 
value is closer to one in the Hotelling-Jureen Relation, causing elasticities of the 







Finally, time is a difficult value to handle specifically.  Giving specific timeframes 
through which to expect these changes to occur can only be discussed in terms of the 
current period and the next.  A longer time horizon can be captured in making more 
elastic assumptions for elasticities but still must be taken in terms of ability for 
consumers and suppliers to react to price changes.  This can be a subjective endeavor. 
 
6.3 Further Research 
 
The table grape market is a highly dynamic market, within which weekly changes 
in volumes and price have significant impact on individual business decisions.  As an 
agricultural sector, the vast majority of the research has been focused on viticulture 
research with only a few studies looking at applied market dynamics.  Speed of changes 
in the industry, the complicated factors that play into decision making at the farm level, 
and comparatively small acreage dedicated to production potentially have led to this 
scarcity in economic research.  This has left many economic analysis opportunities open 
to researchers willing to take a first pass at understanding the market.  Like most 
economic studies, data is often scarce or insufficient, but industry sophistication is 
improving with finer margins and data collection and analysis is gaining importance to 
competitive advantage.  In this light, research opportunities for the future are abundant. 
Aggregate quantitative analysis across months and years has an important story 
to tell about any given aspect of trade, production, or ancillary support services in the 







incorporating U.S. supply transition periods with Mexico and Chile, as well as repeating 
the same study weekly with Peru.  Current data limitations makes this detail of analysis 
difficult, as market sophistication increases pricing and quantity data are being more 
consistently collected which could make detailed analysis possible.  As competition from 
other sources of supply worldwide is increasing, each transition harvest period could be 
studied as having significant implications for future competitiveness of American grape 
producers globally.   
As a means of maintaining competitiveness in the late season markets of 
November-December, American producers are focusing on investments in varietal 
technologies.  New varieties, which potentially will capture the same premium price as 
imported Peruvian grapes, are currently changing market dynamics, results still to be 
seen.  A study of the best use of capital for viticulture research versus geographical 
diversification to capture transition period premiums would further benefit strategic 
decision-making.  Likewise, the reapplication of the methodology presented in this 
thesis under the combination of impacts of U.S. supply of these new late season 
varieties with updated expenditure share ratios while Peruvian supply increases within 
the next decade. 
Studies around temporal market dominance during the transition periods of all 
regions including the value of product attributes, which cause that specific dominance, 
would help producers to see the cost-benefit of competing during transition periods.  







into the U.S. quickly disappear as Chilean season picks-up despite continued Peruvian 
supply volumes are strong.  The causes of such an occurrence could help producers and 
packers understand which product will dominate the period during the U.S.-Peru 
transition period as the market becomes saturated. 
Within this agricultural space, the research opportunities are endless.  Further 
competition in the market will drive awareness of the need for analysis and 
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1 0.5 -0.28 0.14 0.91 -1.82 0.5 -1.82 
2 0.5 -0.6 0.14 0.91 -1.82 0.5 -1.82 
3 0.5 -0.6 0.3 2.17 -4.34 0.5 -4.34 
4 0.5 -1.2 0.14 0.91 -1.82 0.5 -1.82 
5 0.5 -1.2 0.3 2.17 -4.34 0.5 -4.34 
6 0.5 -1.2 0.6 3.9 -7.8 0.5 -7.8 
7 0.5 -1.6 0.14 0.91 -1.82 0.5 -1.82 
8 0.5 -1.6 0.3 2.17 -4.34 0.5 -4.34 
9 0.5 -1.6 0.6 3.9 -7.8 0.5 -7.8 
10 0.5 -1.6 0.8 5.2 -10.4 0.5 -10.4 
11 0.5 -0.28 0.14 0.91 -1.82 1 -1.82 
12 0.5 -0.6 0.14 0.91 -1.82 1 -1.82 
13 0.5 -0.6 0.3 2.17 -4.34 1 -4.34 
14 0.5 -1.2 0.14 0.91 -1.82 1 -1.82 
15 0.5 -1.2 0.3 2.17 -4.34 1 -4.34 
16 0.5 -1.2 0.6 3.9 -7.8 1 -7.8 
17 0.5 -1.6 0.14 0.91 -1.82 1 -1.82 
18 0.5 -1.6 0.3 2.17 -4.34 1 -4.34 
19 0.5 -1.6 0.6 3.9 -7.8 1 -7.8 
20 0.5 -1.6 0.8 5.2 -10.4 1 -10.4 
21 0.5 -0.28 0.14 0.91 -1.82 2 -1.82 
22 0.5 -0.6 0.14 0.91 -1.82 2 -1.82 
23 0.5 -0.6 0.3 2.17 -4.34 2 -4.34 
24 0.5 -1.2 0.14 0.91 -1.82 2 -1.82 
25 0.5 -1.2 0.3 2.17 -4.34 2 -4.34 
26 0.5 -1.2 0.6 3.9 -7.8 2 -7.8 
27 0.5 -1.6 0.14 0.91 -1.82 2 -1.82 
28 0.5 -1.6 0.3 2.17 -4.34 2 -4.34 
29 0.5 -1.6 0.6 3.9 -7.8 2 -7.8 
30 0.5 -1.6 0.8 5.2 -10.4 2 -10.4 
31 1 -0.28 0.14 0.91 -1.82 0.5 -1.82 
32 1 -0.6 0.14 0.91 -1.82 0.5 -1.82 
33 1 -0.6 0.3 2.17 -4.34 0.5 -4.34 
34 1 -1.2 0.14 0.91 -1.82 0.5 -1.82 










36 1 -1.2 0.6 3.9 -7.8 0.5 -7.8 
37 1 -1.6 0.14 0.91 -1.82 0.5 -1.82 
38 1 -1.6 0.3 2.17 -4.34 0.5 -4.34 
39 1 -1.6 0.6 3.9 -7.8 0.5 -7.8 
40 1 -1.6 0.8 5.2 -10.4 0.5 -10.4 
41 1 -0.28 0.14 0.91 -1.82 1 -1.82 
42 1 -0.6 0.14 0.91 -1.82 1 -1.82 
43 1 -0.6 0.3 2.17 -4.34 1 -4.34 
44 1 -1.2 0.14 0.91 -1.82 1 -1.82 
45 1 -1.2 0.3 2.17 -4.34 1 -4.34 
46 1 -1.2 0.6 3.9 -7.8 1 -7.8 
47 1 -1.6 0.14 0.91 -1.82 1 -1.82 
48 1 -1.6 0.3 2.17 -4.34 1 -4.34 
49 1 -1.6 0.6 3.9 -7.8 1 -7.8 
50 1 -1.6 0.8 5.2 -10.4 1 -10.4 
51 1 -0.28 0.14 0.91 -1.82 2 -1.82 
52 1 -0.6 0.14 0.91 -1.82 2 -1.82 
53 1 -0.6 0.3 2.17 -4.34 2 -4.34 
54 1 -1.2 0.14 0.91 -1.82 2 -1.82 
55 1 -1.2 0.3 2.17 -4.34 2 -4.34 
56 1 -1.2 0.6 3.9 -7.8 2 -7.8 
57 1 -1.6 0.14 0.91 -1.82 2 -1.82 
58 1 -1.6 0.3 2.17 -4.34 2 -4.34 
59 1 -1.6 0.6 3.9 -7.8 2 -7.8 
60 1 -1.6 0.8 5.2 -10.4 2 -10.4 
61 2 -0.28 0.14 0.91 -1.82 0.5 -1.82 
62 2 -0.6 0.14 0.91 -1.82 0.5 -1.82 
63 2 -0.6 0.3 2.17 -4.34 0.5 -4.34 
64 2 -1.2 0.14 0.91 -1.82 0.5 -1.82 
65 2 -1.2 0.3 2.17 -4.34 0.5 -4.34 
66 2 -1.2 0.6 3.9 -7.8 0.5 -7.8 
67 2 -1.6 0.14 0.91 -1.82 0.5 -1.82 
68 2 -1.6 0.3 2.17 -4.34 0.5 -4.34 
69 2 -1.6 0.6 3.9 -7.8 0.5 -7.8 
70 2 -1.6 0.8 5.2 -10.4 0.5 -10.4 
71 2 -0.28 0.14 0.91 -1.82 1 -1.82 
72 2 -0.6 0.14 0.91 -1.82 1 -1.82 
73 2 -0.6 0.3 2.17 -4.34 1 -4.34 
74 2 -1.2 0.14 0.91 -1.82 1 -1.82 
75 2 -1.2 0.3 2.17 -4.34 1 -4.34 







77 2 -1.6 0.14 0.91 -1.82 1 -1.82 
78 2 -1.6 0.3 2.17 -4.34 1 -4.34 
79 2 -1.6 0.6 3.9 -7.8 1 -7.8 
80 2 -1.6 0.8 5.2 -10.4 1 -10.4 
81 2 -0.28 0.14 0.91 -1.82 2 -1.82 
82 2 -0.6 0.14 0.91 -1.82 2 -1.82 
83 2 -0.6 0.3 2.17 -4.34 2 -4.34 
84 2 -1.2 0.14 0.91 -1.82 2 -1.82 
85 2 -1.2 0.3 2.17 -4.34 2 -4.34 
86 2 -1.2 0.6 3.9 -7.8 2 -7.8 
87 2 -1.6 0.14 0.91 -1.82 2 -1.82 
88 2 -1.6 0.3 2.17 -4.34 2 -4.34 
89 2 -1.6 0.6 3.9 -7.8 2 -7.8 
































1 -0.79 -4.40 -0.40 -0.40 7.29 7.80 8.01 
2 -0.56 -4.38 -0.28 -0.28 7.46 7.81 7.97 
3 -0.58 -2.14 -0.29 -0.29 8.01 8.93 9.27 
4 -0.36 -4.36 -0.18 -0.18 7.61 7.82 7.94 
5 -0.34 -1.92 -0.17 -0.17 8.52 9.04 9.26 
6 -0.44 -1.26 -0.22 -0.22 8.09 9.37 9.82 
7 -0.29 -4.35 -0.15 -0.15 7.66 7.82 7.92 
8 -0.30 -2.11 -0.15 -0.15 8.49 8.95 9.14 
9 -0.36 -1.25 -0.18 -0.18 8.35 9.38 9.75 
10 -0.37 -0.96 -0.18 -0.18 8.10 9.52 10.01 
11 -0.65 -3.61 -0.32 -0.32 5.97 6.39 6.56 
12 -0.46 -3.59 -0.23 -0.23 6.12 6.41 6.54 
13 -0.53 -1.93 -0.26 -0.26 7.23 8.07 8.38 
14 -0.30 -3.58 -0.15 -0.15 6.25 6.42 6.52 
15 -0.34 -1.90 -0.17 -0.17 7.53 8.10 8.32 
16 -0.42 -1.18 -0.21 -0.21 7.61 8.82 9.24 
17 -0.24 -3.58 -0.12 -0.12 6.29 6.42 6.51 
18 -0.27 -1.91 -0.14 -0.14 7.68 8.09 8.27 
19 -0.34 -1.18 -0.17 -0.17 7.86 8.82 9.17 
20 -0.35 -0.92 -0.18 -0.18 7.73 9.08 9.55 
21 -0.48 -2.65 -0.24 -0.24 4.39 4.70 4.82 
22 -0.34 -2.64 -0.17 -0.17 4.50 4.72 4.81 
23 -0.44 -1.62 -0.22 -0.22 6.06 6.77 7.02 
24 -0.22 -2.64 -0.11 -0.11 4.60 4.73 4.80 
25 -0.28 -1.61 -0.14 -0.14 6.35 6.79 6.97 
26 -0.37 -1.06 -0.19 -0.19 6.80 7.88 8.26 
27 -0.18 -2.63 -0.09 -0.09 4.63 4.73 4.79 
28 -0.23 -1.60 -0.11 -0.11 6.45 6.80 6.95 
29 -0.30 -1.05 -0.15 -0.15 7.03 7.90 8.21 
30 -0.32 -0.84 -0.16 -0.16 7.08 8.32 8.75 
31 -0.48 -4.37 -0.48 -0.48 7.52 7.82 7.96 
32 -0.38 -4.36 -0.38 -0.38 7.59 7.82 7.94 
33 -0.40 -2.11 -0.40 -0.40 8.48 8.95 9.15 
34 -0.28 -4.35 -0.28 -0.28 7.67 7.82 7.92 







36 -0.17 -1.23 -0.17 -0.17 8.93 9.39 9.59 
37 -0.23 -4.35 -0.23 -0.23 7.70 7.83 7.92 
38 -0.24 -2.10 -0.24 -0.24 8.59 8.95 9.12 
39 -0.29 -1.24 -0.29 -0.29 8.57 9.38 9.69 
40 -0.30 -0.97 -0.30 -0.30 7.67 9.51 10.13 
41 -0.39 -3.59 -0.39 -0.39 6.17 6.41 6.53 
42 -0.31 -3.58 -0.31 -0.31 6.23 6.42 6.52 
43 -0.36 -1.91 -0.36 -0.36 7.53 8.09 8.31 
44 -0.23 -3.58 -0.23 -0.23 6.30 6.43 6.51 
45 -0.26 -1.91 -0.26 -0.26 7.70 8.10 8.27 
46 -0.32 -1.17 -0.32 -0.32 7.91 8.83 9.16 
47 -0.19 -3.57 -0.19 -0.19 6.33 6.43 6.50 
48 -0.22 -1.90 -0.22 -0.22 7.77 8.10 8.25 
49 -0.27 -1.17 -0.27 -0.27 8.07 8.83 9.12 
50 -0.28 -0.91 -0.28 -0.28 8.02 9.09 9.47 
51 -0.29 -2.64 -0.29 -0.29 4.54 4.72 4.81 
52 -0.23 -2.64 -0.23 -0.23 4.59 4.73 4.80 
53 -0.30 -1.61 -0.30 -0.30 6.32 6.79 6.97 
54 -0.17 -2.63 -0.17 -0.17 4.64 4.73 4.79 
55 -0.22 -1.60 -0.22 -0.22 6.47 6.80 6.94 
56 -0.29 -1.05 -0.29 -0.29 7.08 7.90 8.20 
57 -0.14 -2.63 -0.14 -0.14 4.66 4.74 4.79 
58 -0.18 -1.60 -0.18 -0.18 6.53 6.81 6.93 
59 -0.24 -1.05 -0.24 -0.24 7.22 7.91 8.17 
60 -0.26 -0.84 -0.26 -0.26 7.35 8.33 8.68 
61 -0.27 -4.35 -0.53 -0.53 7.68 7.82 7.92 
62 -0.23 -4.35 -0.47 -0.47 7.70 7.83 7.92 
63 -0.24 -2.10 -0.49 -0.49 8.59 8.95 9.12 
64 -0.19 -4.35 -0.38 -0.38 7.74 7.83 7.91 
65 -0.20 -2.10 -0.39 -0.39 8.67 8.95 9.10 
66 -0.23 -1.24 -0.46 -0.46 8.74 9.38 9.64 
67 -0.17 -4.34 -0.34 -0.34 7.75 7.83 7.90 
68 -0.17 -2.09 -0.35 -0.35 8.71 8.95 9.09 
69 -0.21 -1.23 -0.41 -0.41 8.82 9.38 9.62 
70 -0.21 -0.95 -0.42 -0.42 8.74 9.53 9.83 
71 -0.22 -3.57 -0.44 -0.44 6.31 6.43 6.51 
72 -0.19 -3.57 -0.39 -0.39 6.33 6.43 6.50 
73 -0.22 -1.90 -0.44 -0.44 7.77 8.10 8.25 
74 -0.16 -3.57 -0.31 -0.31 6.35 6.43 6.50 
75 -0.18 -1.90 -0.36 -0.36 7.85 8.10 8.23 







77 -0.14 -3.57 -0.28 -0.28 6.37 6.43 6.49 
78 -0.16 -1.90 -0.32 -0.32 7.88 8.11 8.23 
79 -0.19 -1.16 -0.39 -0.39 8.30 8.84 9.06 
80 -0.20 -0.90 -0.40 -0.40 8.34 9.10 9.39 
81 -0.16 -2.63 -0.32 -0.32 4.65 4.73 4.79 
82 -0.14 -2.63 -0.28 -0.28 4.66 4.74 4.79 
83 -0.18 -1.60 -0.37 -0.37 6.53 6.81 6.93 
84 -0.12 -2.63 -0.23 -0.23 4.68 4.74 4.79 
85 -0.15 -1.60 -0.30 -0.30 6.60 6.81 6.92 
86 -0.20 -1.04 -0.39 -0.39 7.37 7.92 8.13 
87 -0.10 -2.63 -0.21 -0.21 4.69 4.74 4.79 
88 -0.13 -1.59 -0.27 -0.27 6.63 6.81 6.92 
89 -0.17 -1.04 -0.35 -0.35 7.44 7.92 8.12 
90 -0.18 -0.83 -0.37 -0.37 7.65 8.35 8.61 
 
